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ABSTRACT 
 
 
 
 
Understanding and examining the influence of metallic nanoparticles (NPs) 
on structural and optical properties of phosphate glass has become tremendous 
topical interests. A series of glasses with composition (78.5-x) P2O5–10Li2O–
10ZnO–1.5Er2O3–(x) ZnO (with 0 ≤ x ≤ 1.2 mol%) were prepared using melt 
quenching technique and their detailed characterizations were performed. The 
amorphous nature of the glass was confirmed using X-ray diffraction (XRD) 
technique. The estimated NPs average sizes are 8.54 nm by using Debye-Scherrer 
formula. The glass stability S, the onset of Tg and Tc were measured by using 
differential thermal analyser (DTA). The mode of vibrations for these glasses was 
analyzed using Fourier transform infrared (FTIR) spectroscopy. FTIR measurements 
revealed that the presence of ZnO NPs increased the depolymerisation of the glasses 
at Q
3
 tetrahedral sites. FTIR spectra exhibit five peaks which are assigned to P=O 
group at Q
3
 tetrahedral site (1310 cm
-1
), PO2 group (1260–1170 cm
-1
), P-O
-
 groups 
(1080 and 900 cm
-1
) and P-O-P groups (775–710 cm-1). The results affirmed that the 
incorporation of ZnO NPs improved the chemical and physical stability of the 
phosphate glass. The UV-Vis absorption spectra comprised of eight absorption bands 
corresponding to the transitions 
4
F3/2, 
4
F3/2, 
4
F7/2, 
2
H11/2, 
4
S3/2, 
4
F9/2, 
4
F9/2 and 
4
I9/2. The 
band gap energy was found to increase from 3.54 to 3.59 eV and the Urbach energy 
decreased from 0.258 to 0.246 eV as obtained from the UV-Vis absorption 
measurements. The influence of ZnO NPs on the luminescence property of Er
3+
 as 
dopant was studied and the mechanisms involved in the enhancement on emission 
intensity was determined using photoluminescence spectroscopy at 357 nm 
excitation. The emission spectra consist of eight peaks in which the peak intensity of 
the violet band centered at 413 nm for 
4
F3/2 → 
4
I15/2 transition and blue band at      
458 nm due to 
4
F7/2 → 
4
I15/2 transition showed gradual increment with increased 
concentration of ZnO NPs added to the glass. The enhancement in the emission peak 
intensity for the transition is attributed to the effect of quantum confinement and 
local field of ZnO NPs in the vicinity of Er
3+
 ion. The correlation between structural 
and optical properties in the presence of NPs is established. 
 
 
 
vi 
 
 
 
 
 
ABSTRAK 
 
 
 
 
Memahami dan meneliti pengaruh zarah nano logam (NP) ke atas sifat 
struktur dan optik kaca fosfat telah menjadi topik yang menarik pada masa kini. Satu 
siri kaca dengan komposisi (78.5-x) P2O5–10Li2O–10ZnO–1.5Er2O3–(x) ZnO 
(dengan 0 ≤ x ≤ 1.2 mol%) telah disediakan menggunakan teknik pelindapan leburan 
dan pencirian terperinci telah dijalankan. Sifat amorfus kaca disahkan dengan 
menggunakan teknik pembelauan sinar-X (XRD). Anggaran saiz purata NP ialah 
8.54 nm menggunakan formula Debye-Scherrer. Kestabilan kaca, S, permulaan Tg 
dan Tc  diukur menggunakan penganalisis terma pembezaan (DTA). Mod getaran 
bagi kaca dianalisis menggunakan spektroskopi Inframerah transformasi Fourier 
(FTIR). Hasil pengukuran FTIR menunjukkan bahawa kehadiran NP ZnO telah 
meningkatkan penyahpolimeran kaca pada tapak tetrahedron Q
3
. Spektrum FTIR 
mempamerkan lima puncak yang menunjukkan kumpulan P=O pada tapak 
tetrahedron Q
3
 (1310 cm
-1
), kumpulan PO2 (1260–1170 cm
-1
), kumpulan P-O
-
 (1080 
dan 900 cm
-1
) dan kumpulan P-O-P (775–710 cm-1). Keputusan ini mengesahkan 
bahawa penggabungan NP ZnO dapat menambah baik kestabilan kimia dan fizikal 
kaca fosfat. Spektrum penyerapan UV-Vis terdiri daripada lapan jalur penyerapan 
yang berpadanan dengan peralihan 
4
F3/2, 
4
F3/2, 
4
F7/2, 
2
H11/2, 
4
S3/2, 
4
F9/2, 
4
F9/2 and 
4
I9/2. 
Jurang jalur tenaga didapati meningkat daripada 3.54 kepada 3.59 eV dan tenaga 
Urbach menurun daripada 0.258 kepada 0.246 eV seperti yang diperoleh daripada 
pengukuran penyerapan UV-Vis. Pengaruh NP ZnO ke atas sifat luminesens dopan 
Er
3+ 
telah dikaji dan mekanisme yang terlibat dalam peningkatan keamatan pancaran 
telah ditentukan menggunakan spektroskopi fotoluminesens pada pengujaan 357 nm. 
Spektrum pancaran terdiri daripada lapan puncak yang mana keamatan puncak jalur 
ungu yang berpusat pada 413 nm untuk peralihan 
4
F3/2 → 
4
I15/2 dan jalur biru pada 
458 nm bagi peralihan 
4
F7/2 → 
4
I15/2 menunjukkan peningkatan secara beransur-ansur 
dengan pertambahan kepekatan NP ZnO yang ditambahkan ke dalam kaca. 
Peningkatan keamatan puncak pancaran bagi peralihan tersebut disebabkan oleh 
kesan kurungan kuantum dan medan setempat terhadap NP ZnO di sekitar ion Er
3+
. 
Korelasi antara sifat struktur dan optik dengan kehadiran NP telah dapat ditentukan. 
 
 
 
